Aspartate aminotransferase (AspAT) was puriˆed to homogeneity from cell extracts of the non-N 2 -ˆxing cyanobacterium Phormidium lapideum. The NH 2 -terminal sequence of 25 amino acid residues was diŠerent from the sequences of the subfamily Ia of AspATs from eukaryotes and Escherichia coli, but it was similar to sequences of the subfamily Ig of AspATs from archaebacteria and eubacteria. The enzyme was most active at 809 C and was stable at up to 759 C. Thermal inactivation (60-859 C) of the enzyme followedˆrst-order kinetics, with 2-oxoglutarate causing a shift of the thermal inactivation curves to higher temperatures. However, at 259 C the k cat of P. lapideum AspAT was nearly equal to the values of AspATs from mesophilic organisms. The enzyme used L-aspartate and L-cysteine sulˆnate as amino donors and 2-oxoglutarate as an amino acceptor. The K m values were 5.0 mM for L-aspartate, 5.7 mM for L-glutamate, 0.2 mM for 2-oxoglutarate, and 0.032 mM for oxaloacetate.
Aspartate aminotransferase (AspAT) is the best known of the pyridoxal-phosphate-dependent enzymes and occurs in virtually all organisms, where it is central to nitrogen metabolism. AspATs from many species have been classiˆed into the aminotransferase family I, 1) which has been further divided into seven subfamilies.
2) The AspATs from Escherichia coli, yeasts, plants, and animals belong to subfamily Ia, and the AspATs from Thermus thermophilus HB8, 3) Bacillus sp. YM-2, 4) Rhizobium meliloti, 5) and Sulfolobus solfataricus 6) belong to subfamily Ig, with sequence that are º16z identical between the subfamilies. 2, 3) Subfamily Ia AspATs have been more extensively investigated 7) than subfamily Ig AspATs and other aminotransferases. Subfamily Ig AspATs from Thermus thermophilus HB8, 3) Bacillus sp. YM-2, 8) and Sulfolobus solfataricus 9) have been characterized physicochemically in vitro. X-ray crystallographic studies of AspATs of subfamily Ia have been done to elucidate the structure, function, and catalytic mechanism of the enzymes. [10] [11] [12] [13] [14] Recently, the three-dimensional structure of the subfamily Ig AspAT from Thermus thermophilus has been analyzed by X-ray crystallography.
15) The overall structure and the active-site structure are conserved between the AspATs of subfamily Ia and the enzyme of subfamily Ig.
15) The AspATs of subfamilies Ia and Ig may have evolved from a common ancestral protein. 15) In cyanobacteria, which are prokaryotic photosynthetic organisms, the metabolic assimilation of inorganic nitrogen leads, through the glutamine synthetase (GS)-glutamate synthase (GOGAT) pathway, to glutamine or glutamate as the main amino acid pool of various cyanobacteria. 16) GS and GOGAT, have been puriˆed and characterized. [17] [18] [19] [20] In contrast, the function and properties of aminotransferase have not been investigated so far in any cyanobacterium. A study of the AspAT from cyanobacteria would help us to understand the fundamentals of nitrogen metabolism of this photosynthetic prokaryote. For the investigation of AspAT evolution, cyanobacteria, which are a link between bacteria and green plants, are a possible source of the enzyme. In this paper, we describe the main catalytic and structural properties of an AspAT that was puried to homogeneity from cell extracts of the non-N2-xing cyanobacterium Phormidium lapideum.
Materials and Methods
Chemicals. DEAE-Toyopearl 650S, ButylToyopearl 650M and TSK gel G3000SW columns (0.75×60 cm) were purchased from Tosoh (Tokyo, Japan), and [U-
14 C]-2-oxoglutarate was obtained from Dupont NEN Research Products (Boston, MA). Other reagents of guaranteed grade were obtained from Wako Pure Chemicals (Osaka, Japan).
Microorganism and growth conditions. A non-N2-xing cyanobacterium, P. lapideum, isolated from Matsue Hot Springs (Japan), was cultured photoautotrophically for 12 days at 479 C as described previously. 21) Algal cells (50-60 g fresh mass) were harvested in the late logarithmic phase by centrifugation and washed with 200 ml of 0.85z NaCl. The cells were stored at "809 C until use.
Enzyme and protein assays. We measured diŠerent aminotransferase activities with 2-oxoglutarate as the amino acceptor in cell extracts, in terms of the transamination of [U-
14 C]-2-oxoglutarate (10 mM; 10.8 GBq W mmol). 22) The cell extracts were assayed at 459 C for 30 min in a reaction mixture containing 100 mmol of Tris-HCl buŠer (pH 8.0), an L-amino acid (25 mmol: if alanine, aspartate, glutamine, valine, phenylalanine; 12.5 mmol: if isoleucine, leucine, tryptophan; and 2.5 mmol: if tyrosine), 5 mmol of [U-14 C]-2-oxoglutarate, 0.01 mmol of pyridoxal 5?-phosphate (PLP), and the enzyme in a total volume of 0.5 ml. The reaction was stopped by the addition of 0.15 ml of 1 M acetic acid and the unreacted oxo acid was separated from 14 C-glutamate on cationexchange resin (Dowex-50, H + form). The radioactivity of the glutamate eluted with 1 M HCl was measured with a Beckman LS-6000 scintillation counter. The AspAT activity was assayed at 459 C by a modiˆ-cation of the malate-dehydrogenase-coupled method.
8) The reaction mixture contained 100 mmol of Tris-HCl buŠer (pH 8.0), 20 mmol of L-aspartate, 10 mmol of 2-oxoglutarate, 0.2 mmol of NADH, 0.015 mmol of PLP, 2 units of malate dehydrogenase from yeast cells, and the enzyme, in aˆnal volume of 1.0 ml, and the reaction was monitored by the decrease in A340 with a Shimadzu UV-1600 spectrophotometer. To measure the AspAT activity at diŠerent temperatures from 15 to 859 C, the amount of aspartate converted to oxaloacetate was measured by the conversion of NADH in a separate malate dehydrogenase assay at 309 C. The reaction mixture contained 100 mmol of Tris-HCl buŠer (pH 8.0), 20 mmol of L-aspartate, 10 mmol of 2-oxoglutarate, and 0.015 mmol of PLP, in aˆnal volume of 1.0 ml. The reaction mixture was incubated at diŠerent temperatures for 5 min, and the reaction was started by the addition of the enzyme. After 5 to 10 min of incubation, the reaction was stopped by freezing of the reaction mixture in an ice-ethanol bath. Samples of 10 to 50 ml were taken and added to the malate dehydrogenase reaction mixture, which contained 100 mmol of potassium phosphate (pH 7.5), 0.2 mmol of NADH, and 2 units of malate dehydrogenase in aˆn al volume of 1.0 ml. One unit was deˆned as the amount of enzyme that catalyzed the transamination of 1 mmol of substrate per minute under the speciˆed conditions. Speciˆc activity is expressed as units per milligram of protein.
Protein concentration was measured with a BioRad protein assay kit, 23) with bovine serum albumin as the standard, or else from the absorption coe‹cient of the enzyme ( EM: 37,800 cm "1 ・M "1 at 280 nm).
Measurement of molecular mass. The molecular mass of the native AspAT was estimated by HPLC on a TSK G3000SW column (0.75×60 cm) equilibrated with 25 mM potassium phosphate (pH 7.2) containing 20 mM PLP and 0.2 M NaCl at the ‰ow rate of 0.5 ml W min. The column was calibrated with the following proteins: yeast glutamate dehydrogenase (290 kDa), pig heart lactate dehydrogenase (142 kDa), yeast enolase (67 kDa), yeast adenylate kinase (32 kDa), and horse heart cytochrome c (12.4 kDa). The molecular mass of the subunit was estimated by SDS-PAGE under the conditions described by Laemmli. 24) The proteins used as molecular mass standards were a mixture of phosphorylase b (94 kDa), bovine serum albumin (67 kDa), ovalbumin (43 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20.1 kDa), and a-lactalbumin (14.4 kDa).
Isoelectric focusing. Isoelectric focusing was done on a Phast System (Pharmacia) with Phast Gel IEF media (pH 3-9). Electrophoresis was done according to the instructions provided by the manufacturer, and proteins in a Pharmacia broad pI calibration kit were used as standards.
Amino acid analysis. Amino acid analysis was done on a JEOL JLC-300 amino acid analyzer. Protein samples (10-20 mg) were hydrolyzed at 1109 C under reduced pressure for 24, 48, and 72 h in 6 N HCl containing 1z (by vol.) phenol with a PICO-TAG work station (Waters, Milford, MA). The hydrolysates were evaporated to dryness and their amino acids were analysed in duplicate. Tryptophan residues were identiˆed spectrophotometrically, 25) and cysteine residues were identiˆed by the Ellman method.
26)
NH2-Terminal amino acid sequencing. The NH2-terminal sequence of puriˆed AspAT was analyzed with a pulse liquid sequencer (model PPSQ-10; Shimadzu). The enzyme was electroblotted from an SDS-PAGE gel onto a polyvinylidene di‰uoride membrane as described by Matsudaira. 27) The membrane was stained with Coomassie brilliant blue R250 and then directly used in the sequencer. Lanes: 1, molecular mass standards; 2, AspAT (5 mg). Enzyme puriˆcation. Unless otherwise speciˆed, potassium phosphate buŠer (pH 7.2) containing 20 mM PLP, 5 mM EDTA, and 0.05z 2-mercaptoethanol was used as the buŠer throughout puriˆca-tion. All of the following operations except heattreatment were done at 49 C.
Step 1: The washed cells (50 g, wet weight) were suspended in 75 ml of 0.1 M buŠer and disrupted for 10 min by sonication with a 20-kHz ultrasonic oscillator (model 300; Kaijho Denki, Tokyo, Japan). Intact cells and debris were removed by centrifugation.
Step 2: The supernatant (118 ml) was brought to 30z saturation with solid ammonium sulfate at pH 7.2 and left for 30 min before the precipitate was removed by centrifugation. Solid ammonium sulfate was added to the supernatant to 70z saturation. The precipitated enzyme was collected by centrifugation, redissolved in a small amount of 0.1 M buŠer, and dialyzed overnight against 5 liters of 25 mM buŠer.
Step 3: In the presence of a solution containing 100 mM PLP and 5 mM 2-oxoglutarate, the enzyme solution was brought rapidly to 709 C, kept at this temperature with stirring for 20 min, and then chilled quickly to 49 C. The precipitate was removed by centrifugation and concentrated by ultraˆltration.
Step 4: The enzyme solution (2.4 ml) was brought to 20z saturation with ammonium sulfate and then put on a Butyl-Toyopearl 650M column (0.4×15 cm) equilibrated with 25 mM buŠer containing 20z saturated ammonium sulfate. After the column was washed with the same buŠer, the enzyme was eluted with a linear gradient of 20z to 0z saturated ammonium sulfate in the buŠer. The active fractions (5.2 ml) were pooled and dialyzed overnight against 25 mM buŠer.
Step 5: The dialyzed enzyme solution was put on a DEAE-Toyopearl 650S column (2.5×20 cm) equilibrated with 25 mM buŠer. After the column was washed with the same buŠer until the absorbance at 280 nm returned to the base line, the enzyme was eluted with a linear gradient of 0 to 0.5 M NaCl in 25 mM buŠer. The active fractions (36 ml) were combined and concentrated with Amicon Centricon-30 cartridges.
Step 6: The enzyme solution (0.2 ml) was injected onto a TSK GEL G3000SW column (0.75×60 cm) equilibrated with 25 mM buŠer containing 0.2 M NaCl. The active fractions were combined and stored at "209 C.
Results

Identiˆcation of various aminotransferases in P. lapideum
Aminotransferase activities toward branched chain amino acids, aromatic amino acids, aspartate, and alanine were detected in the cell extract of P. lapideum (Table 1) . Certain amounts of diŠerent aminotransferases were found in the extract, with that of AspAT being the most active. Table 2 shows typical results of the puriˆcation of AspAT from the extract of P. lapideum. The enzyme was puriˆed about 2450-fold with a 3.5z recovery. The puriˆed enzyme gave a single band on SDS-PAGE ( Fig. 1) and had a speciˆc activity of 221 units per mg protein, which is close to the speciˆc activities of bacterial AspATs. 8, 28) 
Puriˆcation
Molecular properties
The molecular mass of the P. lapideum AspAT was about 85 kDa by gelˆltration. SDS-PAGE of the puriˆed enzyme gave only one band; the subunit molecular weight was estimated to be about 42 kDa (Fig. 1) . Thus, the native enzyme probably has a dimer structure composed of two identical subunits, the structures of which are common to all AspATs reported so far with the exception of the enzymes (tetramer) from methanogens.
29) The puriˆed enzyme shows microheterogeneity when analyzed by isoelectric focusing on polyacrylamide gels in the pH range from 3.0 to 9.0; two bands corresponding to pIs of 4.1 (major band) and 4.2 (minor band), which are probably the subforms of AspAT, were observed. 8, 9) The observed pI (4.1) is the most acidic one in AspATs so far reported and is close to those of AspATs from Bacillus sp. (4.1) 8) and E. coli (4.5).
28)
Spectrophotometric properties of the enzymebound PLP
The enzyme had an absorption maximum at 280 and 385 nm due to the bound cofactor, and at 280 and 435 nm under acidic conditions, and the spectrum changed signiˆcantly due to the buŠer in the pH range of 5.0 to 8.8 (Fig. 2) . The peak at 385 nm was prominent at neutral and slightly alkaline pH, where the enzyme showed its maximum activity, and at acidic pH the absorption maximum shifted to 435 nm. This pH-dependent spectral change is common to all AspATs reported so far, with the exception of the enzymes from S. solfataricus, M. thermoautorophicum, and M. thermoformicium. 9, 29) The molar absorption coe‹cients were calculated to be 37,800 cm Since the spectral curves at various pHs gave an isosbestic point at 402 nm (Fig. 2) , the bound cofactor is in equilibrium between the two chemical species absorbing at diŠerent wavelengths. It has been suggested that these two species are derived from the diŠerence in the ionization state of the nitrogen atom of the internal SchiŠ base formed between the aldehyde group of PLP and an amino group of a lysyl residue of the enzyme. 8) By plotting the molar absorption value against pH (Fig. 2, inset) , the pK of the protonation and deprotonation was calculated to be about pH 6.5.
The apoenzyme, which was obtained by incubation of the enzyme with 50 mM L-cysteine sulˆnate followed by precipitation with an acidic ammonium sulfate solution, 30) showed no peak at 300 to 500 nm in the absorption and circular dichroic spectra (data not shown). The enzyme's PLP content was 0.918 mol per mol of subunit using the phenylhydrazine method. 31) This was in agreement with the theoretical content of PLP (1 mol W mol of subunit) as a bound cofactor in enzyme.
NH2-terminal amino acid sequence
The NH2-terminal sequence (25 amino acid residues) of the enzyme protein was found by automated Edman degradation: Met-Lys-Leu-Ala-AlaArg-Val-Glu-Ser-Val-Ser-Pro-Ser-Met-Thr-Leu-IleIle-Asp-Ala-Lys-Ala-Lys-Ala-Met-. The NH2-terminal sequence was aligned with those of enzymes from other origins (Fig. 3) . A computer comparison of the sequence of the P. lapideum enzyme with those of other AspATs in the SwissProt database showed that the enzyme sequence had the highest similarity with that of the Synechocystis sp. PCC6803 enzyme (64z). In addition, high sequence similarity was observed between this enzyme and enzymes from the following organisms: Bacillus stearothermophilus, Bacillus subtilis, and Bacillus sp. strain YM-2 (60z); Aquifex aeolicus (56z); and Streptomyces virginiae (52z). The N-terminal amino acid sequence of the P. lapideum enzyme had no similarity to those of the AspATs from animals and E. coli that belong to the subfamily Ia aminotransferase.
Amino acid composition
The amino acid composition of the puriˆed enzyme is given in Table 3 . The predominant amino acid residues of the puriˆed enzyme protein are alanine and glutamic acid. A few histidyl and tryptophanyl residues are also contained, similar to other AspATs. Another characteristic of the enzyme is the unusually high Pro content (6.09 Molz) like other subfamily Ig AspATs; Thermus (6.49 Molz), Bacillus (5.1 Molz) compared with subfamily Ia AspATs; E. coli (3.79 Molz), P. haloplanktis (3.53 Molz). The total integral numbers of each amino acid residue gave a calculated molecular mass of about 41.8 kDa, which corresponds with the value found by SDS-PAGE.
EŠects of pH and temperature on the enzyme activity
The enzyme had maximal activity at pH 8.0 when examined in the presence of 0.1 M potassium phosphate, Tris-HCl, and sodium carbonate buŠers. The eŠects of temperatures in the range of 15 to 859 C on the enzyme activity were investigated (Fig. 4A) . The activity of the enzyme increased with an increase in temperature from 15 to 809 C. The activity observed at 159 C and 259 C was 20z and 34z of that at 459 C, respectively. The highest activity was observed around 809 C and was about 2.3 times higher than that at 459 C. The activity at 859 C was about 80z of the highest activity at 809 C. An Arrhenius plot was a break in the slope at about 459 C as shown in Fig. 4A , inset. The calculated activation energies for AspAT are 15 kJ W mol and 43 kJ W mol, respectively. This shift in activation energies is often attributed to a change from one rate-limiting step to another, possibly due to a conformational change.
Stability
The thermostability of the enzyme was examined. When heated for 10 min in 0.1 M Tris-HCl buŠer (pH 8.0), the enzyme was stable at up to 759 C (Fig. 4B) . After incubation at 809 C for 10 min, the remaining enzyme activity was about 75z of the initial activity. The addition of over 20 mM 2-oxoglutarate increased the heat stability of the enzyme (Fig. 4B) . AspAT was protected against heat inactivation by 20 mM 2-oxoglutarate or 40 mM PLP, or 20 mM 2-oxoglutarate and 40 mM PLP. The addition of 20 mM L-aspartate markedly decreased the heat stability of the enzyme. The reaction was done at 459 C for 20-120 min in a reaction system containing 10 mM [U-14 C]-2-oxoglutarate and an amino acid to be tested, and the amount of glutamic acid produced was measured as described iǹ`M aterials and Methods''. 
Substrate speciˆcity
The relative activity towards amino acid substrates is shown in Table 4 . The enzyme seems to be fairly speciˆc for dianioic amino acids and shows little activity on aromatic substrates. L-Cysteine sulˆnate, which is a structural analog of L-aspartate, was an eŠective amino donor substrate, probably because a product of the aminotransferase reaction of Lcysteine sulˆnate, b-sulˆnylpyruvate, decomposes nonenzymatically to SO 3 2" and pyruvate, and hence the aminotransferase reaction is irreversible.
32) The amino acceptor speciˆcity also was studied with Laspartate as an amino donor and a variety of 2-oxo acids (Table 5 ). Besides 2-oxoglutarate, pyruvate, 2-oxoisocaproate, and 2-oxobutyrate served slightly as substrates. Indole-3-pyruvate, p-hydroxy-phenylpyruvate, phenylpyruvate, and 2-oxo-n-caproate were not substrates.
Kinetic mechanism
A series of steady-state kinetic analyses was carried out to investigate the reaction mechanism. Initialvelocity studies were done at 459 C using the method of Velick and Vavra.
33) Double-reciprocal plots of initial velocity against concentrations of L-aspartate and 2-oxoglutarate in the presence of variousˆxed concentrations of 2-oxoglutarate and L-aspartate, respectively, gave two sets of parallel lines (Fig. 5) .
The reaction proceeds via the``ping-pong bi-bi'' mechanism, as has been demonstrated for all other aminotransferases. The Michaelis constants for Laspartate and 2-oxoglutarate were calculated to be 5.0 and 0.20 mM, respectively, from the secondary plots of intercept versus reciprocal concentrations of the other substrate. The Km for L-glutamate and oxaloacetate were also found in the same manner to be 5.7 mM and 0.032 mM, respectively. The k cat for glutamate and aspartate formation were found to be 101 and 187 s "1 , respectively.
Discussion
The activity of four aminotransferases were detected in cell extract of P. lapideum, with AspAT shown as the predominant activity. Because of the broad speciˆcities of many aminotransferases, these activities could be due to one or more enzymes. However, puriˆed P. lapideum AspAT had a very low aminotransferase activities for leucine (branchedchain), and the those aromatic amino acids (Table 4) , some aminotransferases other than AspAT working with 2-oxoglutarate as the amino acceptor may exist in P. lapideum cells. High activities of AspAT and branched-chain aminotransferase were also detected in the cyanobacteria Anabaena cylindrica and Anacystis nidulans. [34] [35] [36] In cyanobacteria, the GS-GOGAT pathway, with a net yield of one glutamate molecule, represents the most important mode of use of 2-oxoglutarate, since cyanobacteria have an incomplete tricarboxylic acid cycle due to the lack of 2-oxoglutarate dehydrogenase and succinyl-CoA synthetase activities. 37) Therefore, those aminotransferase reactions with glutamate as amino donor, particularly the AspAT reaction, might be an important reaction for protein synthesis or many metabolic pathways.
We have described in detail the physicochemical and catalytic properties of AspAT from P. lapideum. To the best of our knowledge, this is theˆrst aminotransferase that has been puriˆed to apparent homogeneity from a cyanobacterium. The puriˆed enzyme was proven to have higher thermostability by about 259 C than AspAT from E. coli. 3, 38) The P. lapideum enzyme, as well as the other subfamily Ig AspATs, has much less activity for aromatic amino acids than the subfamily Ia AspATs. However, in contrast to high activities for L-cysteine sulfonate of other subfamily Ig AspATs (about 200z of activity for L-aspartate), 8, 9) that of the P. lapideum enzyme is very low (about 60z of activity for L-aspartate) similar to that of subfamily Ia pig heart muscle cytosolic AspAT.
34) It might be related to the high Michaelis constant for L-aspartate. Other basic enzymological properties, including molecular weight, the number of subunits, and the absorption spectra, of the P. lapideum enzyme are similar to those of the other microbial and eukaryotic enzymes.
The apparent maximum catalytic activity of the P. lapideum AspAT was at 809 C, which was 359 C higher than the optimum growth temperature of P. lapideum. However, the reactivity of the P. lapideum AspAT is nearly equal to those of AspATs from mesophilic organisms at 259 C. Thus the P. lapideum AspAT is thermotolerant. A similar enzymatic feature has been also reported in the T. thermophilus AspAT.
3) However, the optimum growth temperature of the T. thermophilus AspAT was 759 C; 3) therefore, the reactivities at 259 C, 359 C, and 459 C were much lower than those of the P. lapideum enzyme. Such a thermotolerant feature of the enzyme may be useful for biotechnological applications.
The thermostability of the P. lapideum enzyme is signiˆcantly greater in the presence of 2-oxoglutarate, similar to that of the AspAT from H. mediterranei 39) and S. solfataricus, 9) but it was diŠerent from that of C. reinhardtii.
40) The C. reinhardtii enzyme was protected against heat inactivation by 10 mM Laspartate or 0.2 mM PLP. 40) The thermostability of the P. lapideum AspAT might be due more to the detachment of the cofactor or changes in conformation limited to the active site than to the fragility of second and higher structure of the enzyme as a whole.
Okamoto et al. reported that the high Pro content of the T. thermophilus AspAT will make the enzyme rigid and thermostable, and its low content of heatlabile amino acid residues (Asn, Lys, and Cys) may prevent aging and irreversible inactivation.
3) Nakai et al. reported that the thermostability of the T. thermophilus AspAT is attained at least in part by the high content of Pro residues in the b-turns and the marked increase in the number of salt bridges on the molecular surface compared with the mesophilic AspAT. 15) Birolo et al. also reported that the Cys and Leu content of the Antarctic bacterium Pseudoalteromonas haloplanktis AspAT, which is rapidly inactivated at 509 C, are high and the Pro, Phe and Gly content are low compared to those of the 38 homologous AspATs. 40) Although the Pro content of the P. lapideum enzyme is high in a way similar to that of the T. thermophilus AspAT, the Cys content (2.06) is also much higher than that of other subfamily Ig thermophilic AspATs, Bacllus sp. YM2 (0 Mol z), S. solfataricus (0 Molz), and T. thermophilus (0.26 Molz) (calculated from the SwissProt database). Further, the Pro content of thermophilic S. solfataricus AspAT is low (3.98 Molz) and those of subfamily Ia pig cytosolic AspAT and mesophilic subfamily Ig R. meliloti AspAT are high (5.58 Molz and 6.0 Molz, respectively). The thermostability of the P. lapideum AspAT might be attained in part by the high content of Pro residues in the b-turns, similar to that of the T. thermophilus AspAT but in part by diŠerent mechanism from other thermophilic AspATs.
We recently cloned and sequenced the P. lapideum gene coding for AspAT, and found that the entire amino acid sequence deduced from DNA was similar to those of subfamily Ig enzymes (Kim et al., unpublished results). Details of the gene cloning and DNA sequencing for the P. lapideum AspAT will be reported shortly.
